Background: Facial symmetry is intimately correlated with attractiveness. Perfect facial symmetry is disconcerting and a degree of facial asymmetry is considered normal. There is a lack of data on the limits of normality across facial subunits. Objectives: This systematic review aims to establish categories of facial asymmetry perception for facial aesthetic units by establishing a discriminative threshold of "deformity perception" across facial subunits and a threshold for intervention (unacceptable asymmetry). Methods: A review of the literature was performed across Medline and Embase databases using OvidSP. All prospective studies evaluating the perception of progressive facial asymmetry in laymen or clinicians using a two-or three-dimensional model were included. Studies that did not evaluate rates of perception at varying degrees of asymmetry were excluded as these did not allow for the identification of a perceptive threshold.
procedures. 8 This may have profound physiological and psychosocial consequences, with sufferers becoming preoccupied with their appearance. 9, 10 A strong positive correlation exists between the degree of facial asymmetry and the perceived need for treatment. 1 
Perceptions of Asymmetry and Decision Making
Studies show the severity of social isolation and decision making for surgery is highly dependent on the patient's belief of how severe others view their disfigurement. 11 In severe asymmetries, the decision for surgery is usually simple, however patient with deformities considered "borderline" are potentially frustrated by conflicting advice based on subjective judgments of clinicians. 7 Although surgery may be unable to restore the patients' appearance, it should aim to improve symmetry and appearance. Defined discriminative thresholds would allow surgeons to counsel patients based on objective, evidence-based data. This would identify which facial feature or features to prioritize during reconstruction (most perceptible) and to what degree to correct the asymmetry, so it may be less perceptible to the majority of laypeople. This is especially crucial for facial reanimation procedures with dynamic asymmetry during facial expression.
Left/Right Differences
Normal human faces are not bilaterally symmetric. Craniofacial studies have illustrated a dominant right hemiface in both males and females. [12] [13] [14] An investigation of 1474 historical portraits by European masters revealed the great majority of subjects exhibited their left cheek vs the right. 15, 16 Of these, Rembrandt van Rijn painted female portraits almost purely left facing. Interestingly, this bias holds true as well for left-handed masters such as Raphael (Figure 2 ). 17 The exact reason behind this phenomenon is unknown, although several theories exist. Neurobiology has since uncovered "hemispheric laterality," whereby the left hemisphere of the brain influences the right side of the face and vice versa. 18, 19 Evidence exists to support that the right hemisphere dominates voluntary emotional expression, which is manifested in left hemiface. 20, 21 Later studies have confirmed the left hemiface to be more aesthetically sensitive, as left-faced images were perceived as more attractive subjectively and objectively (pupil dilatation), irrespective of handedness or if they were viewed in their original or mirror reversed-orientations. 22 Others have suggested a perceptive left visual field bias for facial appearances explains this phenomenon. 17, 23, 24 It remains to be shown if a left sided deformity is more perceivable and thus should be prioritized during corrective procedures. To the best of our knowledge, this is the first systematic review to investigate perceptive thresholds of static and dynamic facial asymmetry across facial aesthetic units, determine which subunits are most sensitive to asymmetry, and uncover any differences between left vs rightsided asymmetry.
METHODS

Protocol
This systematic review was designed and performed as per the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. 25 
Search Strategy/Sources
The initial literature search was conducted on April 5, 2015 and updated on August 1, 2015 by two of the authors (T.T.W. and S.M.). A comprehensive search of Medline via OvidSP/PubMed, Embase databases (1946-present) was conducted using search terms including "face" [MeSH] , "symmetry," "asymmetry," "-threshold," "discrimination," "visual," "perception," "detection" as well as "forehead," "eye," "lid," "canthus," "brow," "cheek," "maxilla," "lip," "mouth," "nose," "nasolabial," "commissure," "mandible/ chin," "smile," "frown," "expression," "movement," and "paralysis". These terms were further matched with MeSH terms and exploded. Reviews were manually searched for relevant articles, but were not included in this study. References of relevant articles were reviewed for further relevant articles. Duplicate articles were removed and remaining articles assessed for eligibility (Table 1) .
Selection of Studies
Results from the search were exported into Refworks database (ProQuest LLC, Bethesda, MD). Duplicate articles were removed. Two selection rounds were employed in the selection of the final articles. The abstracts of all clinical trials were independently evaluated by two of the authors (T.T.W. and S.M.) Inclusion criteria composed of prospective studies evaluating the perception of progressive facial asymmetry rated by laypeople or clinicians using a two-dimensional (2D) or three-dimensional (3D) model. Studies that did not evaluate degrees of perception at varying amounts of asymmetry were excluded, as these did not allow for the identification of a perceptive threshold. Orthognathic, cephalometric, dental studies and non-English studies were excluded (Table 2) . Disagreements between independent reviewers were resolved through discussion and decision given to a third author (L.W.) if a decision could not be reached.
RESULTS
Brow
Hohman et al investigated facial asymmetry thresholds in brow elevation and lid closure using a 2D clinical photograph model. 26 Digital photographs of a female model were digitally manipulated to introduce left and right-sided asymmetry from 0 to 6 mm and subsequently displayed in a random order. One hundred and forty-five laypeople naïve to the purposes of the study rated the "unnaturalness" of the facial expressions on a 5-point Likert scale. 26 The majority of observers reported elevation of the brow up to 3 mm as symmetrical with deviations of 4 mm or more as significantly asymmetrical. This is supported by Chu et al illustrating laypeople's perceptive thresholds in a 2D facial paralysis model. 9 A clinical portrait was digitally morphed to introduce progressive asymmetry of the oral commissure and/ or brow. Laypeople naïve to the aim of the study were shown images in a random order at two or ten second intervals. The majority of subjects (22/30, 73%) detected brow asymmetry with 3.5 mm displacement (P < 0.001) compared with only 10% (3/30) at 3 mm. 9 
329
Other sources 12
Records after duplicates removed 263
Records screened 263
Records excluded 180
Records for abstracting 83
Full text articles excluded with reasons 76
Not actively investigating for a threshold of perception-69 Cephalometric/orthognathic/dental-5 Not published in a peer reviewed journal-1 Other language other than English-1
Studies included in analysis 7
Eyelid
Eyelid position is the most sensitive static facial asymmetry, with blinking the most perceptive dynamic facial expression. 9, 27 Eye-tracking studies reveal scan paths of observers viewing an unfamiliar face fixate foremost on the eyes and secondarily on the nose and mouth, collectively termed the "central triangle." 28, 29 Subsequent investigations confirm unilateral delays in side-to-side fast movement with short duration are more perceptive than expressions with slower movement, such as brow elevation or smile. 27 Combined asymmetries of oral commissure, brow, and eyelid positioning reveal eyelid positioning to be the most sensitive facial feature to asymmetry. 26 An increase in lid positional asymmetry from 1 to 2 mm (perceptive threshold) experiences an abrupt reduction of observers reporting symmetry from 85% to 10% (P < 0.02). This is consistent with the findings of Kim et al who investigated dynamic asymmetry of facial expressions using a 3D video model. 27 Side-to-side delays during blinking of greater than 33 msec (P < 0.01) were found to be significantly more appreciable, compared to a 67 msec delay taken for the majority of observers to perceive asymmetry during brow elevation or smiling. 27
Nose
Eye tracking studies reveal the nose as an integral focal point in facial perception with deviations of the nose being particular eye-catching. [30] [31] [32] [33] [34] This is partly due to the central position of the nose in the face, as well as the alignment of the nasal ridge with the facial vertical axis. 1, 33 Meyer-Marcotty et al investigated in a virtual 3D model how gradually displacing the tip of the nose away from the midline by increments of 2, 4, 6, and 8 mm impacted upon facial perception. Results demonstrate that a 4 mm nasal tip asymmetry to either side was perceived as more asymmetric by both laypeople and clinicians (P < 0.001). 1 The 4 mm perceptive threshold is further re-affirmed by Silva et al using a 2D manipulated photograph model with 100 laypeople as observers. 35 Kwak et al demonstrated similar results using a 2D manipulated photograph model. The perceptive threshold of deviation of nasal tip was found to be at 2.92 degrees from midline with asymmetry greater than 4.28 degrees deemed unacceptable and needing correction. 36 Interestingly, for both studies, deviations of the nose to the left were always rated as more asymmetric than those to the right for each increment. 1, 36 Oral Commissure/Smile
The ideal in facial reanimation procedures in patients with facial paralysis is to restore a natural smile. Inability to appropriately and accurately express emotions has been associated with reduced quality of life. 37 The majority of subjects (73%, n = 22/30) detected static asymmetry of the oral commissure at 3 mm (P < 0.001), but would only consider the asymmetry unacceptable or requiring surgery if more than 5 mm. 9 During smiling, the majority of observers (>70%) noted side-to-side asymmetry if unilateral delay was more than 67 msec. 27 When both static brow and oral commissure asymmetry were displayed together, 60% (18/30) of subjects detected the brow asymmetry first after a 2 second observation interval (P < 0.001). 9 At a 10 second viewing interval, 77% (23/30) of subjects detected both asymmetries together. This suggests that brow asymmetry is more perceptible than deviations of the oral commissure. This is corroborated by eye-tracking studies showing at quick gaze attention and visual scan paths are centralized on a triangle between the eyes, nose and central lip. 29 Peripheral deformities would require deviations of eye movement and greater time delay for perception.
Chin
Both laypeople and clinicians perceived a deviation of the chin greater than 6 mm as significantly asymmetric (P < 0.001). 1 Silva et al did not detect a perceptive threshold for deviations of the chin less than 6 mm. 35 Interestingly, deviations of the chin to the right were perceived as more asymmetric at every increment. 1 A separate study demonstrated a similar finding in a 2D computerized model with chin point deviated from the midline at 5 mm increments. 7 In total, 185 observers (clinicians, orthognathic patients, and laypeople) found a 5 mm asymmetry was largely imperceptible; however, the majority found a 10 mm asymmetry unacceptable and needing surgery. 7 If the asymmetry was on the right side of the image, the participants were 30% more likely to demand surgery (P < 0.001), with the effects independent of the handedness of the observer. 7 Compared to other aesthetic units, asymmetries of the chin were most resilient to asymmetry, with any identical aberration of either brow or nose being perceived as more asymmetric.
DISCUSSION
The face is the focal point for human interaction. Facial asymmetry at rest or during expression, perception of disfigurement, low self-esteem, social isolation and low quality of life scores are all strongly correlated. 27 What constitutes a disfigurement is highly subjective. Eye tracking technology utilizes non-contact optical sensors in analyzing both corneal reflection and pupil positioning to map the point of gaze during human interactions. These studies confirm that typical visual eye-tracking patterns are skewed with a concentration of scan-paths towards the side with a facial lesion, nasal deviation or facial weakness. 9, 29 How others perceive their asymmetry feeds into an individual's preoccupation with their disfigurement and appearance.
Facial Asymmetry Perception
The results suggest that progressive deviation of facial features from an axis of symmetry is positively correlated with rates of detection by observers until consistently identified. This relationship is not linear as previously thought. As seen within the results of Meyer-Marcotty et al and Hohman et al, each facial feature possesses a unique "threshold of perception" defined by an abrupt, statistically significant increase in detection when the majority of observers within the study would rate the particular feature as asymmetric. Beyond this, the scores of asymmetry for eye brow elevation, eyelid closure, smile, and chin deformity quickly reach a plateau at the maximum score. 1, 26 This is best represented by a sigmoid curve (Figure 3 ).
Perceptive Threshold
The literature identifies asymmetry of the eyelid position at rest as the most sensitive facial feature (perceptive threshold, PT, 2 mm) (P < 0.02). This is supported by the study by Palermo and Rhodes demonstrating more significant fixation and longer duration of scan paths on the eyes during facial recognition than the nose or the mouth. 38 This is closely followed by deviations of the oral commissure (3 mm) (P < 0.001), brow position (3.5 mm) (P < 0.001), nasal tip deviation (4 mm) (P < 0.001), and chin deviation (6 mm) (P < 0.001) ( Table 3) . 1, 7, 26, 27 Observer gender, ethnicity, handedness, self-rating of attractiveness, and importance given to facial appearance did not show a statistically significant effect on facial symmetry and attractiveness ratings. 7 Dynamic studies confirm asymmetries of lid positioning during blink demonstrates the most sensitive movement asymmetry at 33 msec, followed by fast brow elevation, lip depression and smiling at 67 msec (Table 4) . 27 As a target, reconstructive surgeons may aim to limit the asymmetry within these parameters to minimize the perceptiveness of the deformity. Interestingly, acute alcohol consumption increases the perceptive threshold of facial asymmetry which serves as a possible mechanism why alcohol consumption increase facial attractiveness ratings. 39 
Age and Gender
There are no studies to date investigating how varying degrees of facial asymmetries is affected by gender and age of the patient. Of note, Kwak et al found amongst observers, men were more sensitive to asymmetries of the nose, whilst female observers were more sensitive to asymmetries of the eyes. 36 This is reaffirmed by Palermo and Rhodes, who demonstrated that women focus more upon the eyes whilst male visual scan paths fixated longer upon the nose and mouth. 38 Silva et al found no differences in asymmetry ratings stratifying the observers for age. 35 
Dynamic Asymmetry
For the patient with unilateral facial paralysis, the ideal reconstruction consists of a symmetric smile at rest and symmetric reanimation of a spontaneous smile. 40 Analysis of dynamic asymmetry is more complex than static asymmetry and varies depending on both the excursion (distance), as well as the vector (direction) of motion of each particular facial feature. Literature suggests that in normal subjects, the oral commissure excursion during smiling can vary side-to-side by as much as 52%, however in all "normal" subjects, the vector of excursion was consistently symmetrical. 27, 41 This highlights that in both static and dynamic facial reanimation procedures, the vector of movement is a higher priority than the absolute excursion of the commissure, and should be marked preoperatively to achieve a more natural result.
We have reaffirmed that perceptive thresholds of facial asymmetry exist and vary by facial aesthetic unit. The degree of asymmetry is further correlated to the perceived unnaturalness and the perceived need for surgery. The priority during reconstructive surgery should therefore be the restoration of a degree of symmetry focusing on the most sensitive facial features, rather than returning patients to their premorbid appearance. Similarly, quantifying human perceptive thresholds of abnormality adds an element of objectivity into the counselling of patients perioperatively, to minimize subjective assessment, and thereby misunderstanding and mismanaged expectations.
Categories of Facial Asymmetry Perception
Prior to the formation of objective guidelines for reconstructing facial deformities, we strongly feel an additional threshold, which we have termed the "intervention threshold," needs to be further elucidated. As an example, Chu et al remarked that whilst the perceptive threshold of static oral commissure asymmetry was 3 mm, the majority of observers would only deem the asymmetry unacceptable or needing intervention if greater than 5 mm. 9 In combination, these two thresholds define three categories of facial asymmetry perception; the normal variability, the acceptable asymmetry and the unacceptable asymmetry. Numbers will never completely replace clinical decision making, however understanding the progression of asymmetry perception aids clinicians in deciding when to operate, what to operate, how much to correct, Laypeople how to judge postoperative results, and deciding need for revision surgery. Most valuably, objective quantifiable data and categorization of facial asymmetry perception for each facial feature creates an objective common ground during clinician and patient encounters. This may fortify vulnerable patients' resilience to both their own, as well as the subjective views of others, regarding their appearance which may misguide their decision making process and lead to false expectations. To the best of our knowledge, this is the first time categories of facial asymmetry perception has been conceptualized using the perceptive and intervention thresholds.
Facial Asymmetry and Desire for Surgery
Analyzing the data from mandibular and chin point asymmetries introduces a second novel concept, which we have termed "exponentiality of desire" for surgery in facial asymmetry. Unlike previously thought, the desire for symmetry surgery beyond the intervention threshold (unacceptable asymmetry) is not a linear relationship; instead it is exponential. Naini et al demonstrated that the desire for surgery for chin point asymmetry was negligible below 5 mm, but increased 10-fold for 10 mm deviation, 40-fold for 15 mm, 90-fold for 20 mm and 169-fold for 25 mm (P < 0.0001 for each level of asymmetry). 7 Age, gender and ethnicity are modifiers in this decision-making process, with the desire for surgery reducing 3% for each year in age, is less in men than women, and is higher in white-Caucasian patients. 7 To the best of our knowledge, this is the first time this has been conceptualized and represented graphically (Figure 4 ).
Left Versus Right Asymmetry
Left vs right difference in hemifacial perception is an unexpected finding. Deviation of the nose to the left is consistently rated as more asymmetric than to the right. 1, 36 This is to the contrary in the chin, where right-sided defects were perceived as significantly more asymmetrical in two separate studies, with 30% more participants demanding surgery if the defect was on the right side. 1, 7 There is no conclusive evidence to explain this phenomenon. Theories include observer bias due to left visual field dominance and hemispheric differences in emotional processing. 42 A composite image of split mirror-reversed images of faces showing left-left and right-right composites confirms the left-sided composite as being more emotionally expressive than the right. 43, 44 Similarly, photographic portraiture with the subject showing the left cheek is deemed more emotionally expressive, irrespective of if the image is mirror reversed. 45 Muscles of the left-side of face have also been shown to move more than the right during emotional expression. 46 
Applicability to Aesthetic Surgery
In aesthetic surgery the aim is to achieve a symmetrical, proportional, youthful, and natural result. The majority of patients do not wish to achieve perfection, instead they wish to restore their youthful looks of bygone years. Crucially, they wish to remain themselves which frequently Evaluating and correcting underlying facial symmetry, whether it is bony or soft tissue is the foundation upon which subsequent procedures are built on. It is also the most objective part of an aesthetic preoperative consultation which sets the confines from which a face can be further enhanced. As an example, the majority of patients seeking blepharoplasty have underlying brow and eyelid asymmetry, yet are unaware of it. 47 MacDonald et al cites 75% of patients had brow and eyelid asymmetry of >2 mm, with 37% having asymmetry greater than 3 mm. Similarly, eyelid asymmetry due to asymmetrical brows is unlikely to be adequately corrected with an asymmetric blepharoplasty. In many cases of blepharochalasis which masks the underlying asymmetry, a symmetrical blepharoplasty will further enhance the asymmetry and lead to patient dissatisfaction. 48 Knowing which level of the limits or normal variability, acceptable and unacceptable asymmetry enhances the preoperative evaluation, improves the surgical plan, patient satisfaction and sets realistic patient expectations. 47 The perfectly symmetrical face does not exist and, if it did, it would be considered disconcerting and uncomfortable. It is often the minor asymmetries and imperfections that make a face stand out making the results truly unique and spectacular. Not all asymmetries need to be corrected. Lauren Hutton, the first international supermodel, had a noticeable gap between her incisors, whilst Cindy Crawford has a sizeable mole over her left oral commissure, yet both are widely considered beautiful. Alteration of individual features: eyes, brow, nose, lips, or chin is subjective, and varies according to an individual patients' culture, personal preferences and how it may affect the balance of the face as a whole. Facial asymmetry detection thresholds allow minor asymmetries, which are key to a patient's appearance, to be left untouched or potentially optimized if within acceptable categories of facial asymmetry perception.
Beauty is not just about technically achieving a symmetrical result. Subjective factors such as personal satisfaction and confidence are equally important, yet harder to measure. Utilizing an understanding of limits of facial asymmetry perception and involving the patient preoperatively and postoperatively, injects an element of objectivity in discussions that is otherwise hard to incorporate and helps create realistic expectations.
Quality of Articles/Limitations
The majority of studies utilized digitally manipulated 2D models, were adequately powered, with observers from different backgrounds naïve to the objectives of the study. Moreover, images were rated in a controlled environment using high-resolution images in a random dispersed order at set-time intervals. Valid statistical analyses were performed in all studies.
Common weaknesses of methodology in the literature need to be highlighted. Only 7 individual studies were identified, with the majority of studies utilizing single, young, healthy models of a specific gender. This does not account for differences in subject facial shape, which may influence facial symmetry perception and desire for surgery. Moreover, digital manipulation of photographs of a single facial feature whilst maintaining symmetry elsewhere may result in a more unnatural appearance than in real-life pathology. The exclusion of patients as observers in all but two of the studies is a further limitation, as patients are likely to possess differing interventional thresholds than laypeople or clinicians. Specific limitations of each study are listed in Table 5 . Arguably, 3D models such as the facial model used by Meyer-Marcotty et al devoid of texture may be a more realistic model of facial asymmetry. 1 This also limits the risk of bias from skin complexity or attractiveness as minor asymmetries may be more noticeable in a youthful and attractive face.
Composite Facial Asymmetry
Further studies are needed to establish both the perceptive and intervention thresholds of facial asymmetry perception across facial aesthetic units, both at rest and during facial expression.
Fields of applicability for established categories for facial asymmetry perception range beyond reconstructive surgery, including counselling, clinical psychology, physiotherapy, chemo-denervation, and biomimetic prosthetic construction. 26, 49, 50 Common clinical applications would include discussing the need for closed reduction of nasal bones following trauma or the patient seeking botulinum toxin injections to symmetrize an asymmetric brow or oral commissure.
A multimodal approach is needed to address the physio-psycho-social cycle of facial disfigurement.
CONCLUSION
Facial symmetry is a crucial component in psychosocial wellbeing. Different facial aesthetic units exhibit differing perceptive and intervention thresholds. Asymmetries of the eyelid, brow and oral commissure asymmetry are more sensitive than nasal tip and chin deformities. Nasal tip deviation to the left, and chin deviations to the right are perceived as more asymmetric. In facial reanimation, the vector of movement is more important than the total excursion, with side-to-side delays of <67 msec imperceptive to laypeople and clinicians alike. Progressive asymmetry beyond the intervention threshold is characterized by an exponentially increasing desire for surgery. The categories of facial asymmetry perception, perceptive and intervention thresholds are useful adjuncts to clinical judgment during clinical decision making in facial reconstructive surgery.
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